The paper is dedicated to the discussion of elastic coefficients of wood. Parameters for wood presented in the literature are critically evaluated and discussed. The orthotropic mathematical model, with nine different elastic parameters, is one of the most often used models of wood. However, mathematical limitations on these parameters for the correct model are not well known. Based on these limitations, the verification of orthotropic elastic parameters for different species of wood is presented. The analysis shows that the published data are often unclear and sometimes wrong. The attempt to relate experimental results to the mean values specified in the standards is the second aspect considered in this paper. The designer, a user of these standards, should have clear information that the given parameters are specified for specific mathematical model and species of wood. This paper attempts to propose such a classification.
INTRODUCTION
Wood and wooden products are very popular materials used in construction engineering for buildings, bridges, towers and other structures. Wood is a complex, inhomogeneous and anisotropic material, but in engineering practice wood is often idealized as a homogeneous, orthotropic material [2, 13, 14, 26, 40, 44, 45] . Based on the orthotropic model, three principal orthogonal directions of elasticity for wood, i.e., longitudinal (L), tangential (T) and radial (R) are determined. In some papers [11, 24, 37, 38] , mostly in numerical simulation, nine independent elastic constants such as three elastic moduli ( , , ), three transverse elastic moduli ( , , ) and three Poisson's ratios ( , , ) are defined. In experimental studies [10, 12, 17, 23, 27, 29, 31, 33, 39] twelve elastic constants, with six different Poisson's ratios ( ,
, are determined. According to the orthotropic model, these parameters should satisfy the condition of the symmetry thus nine of these constants are independent. This paper demonstrates that the elastic matrix symmetry condition is not always satisfied. In same papers the orthotropic model of wood is expanded to the model that assumes identical properties in the radial and tangential directions. For this case, six elastic constants are defined [8, 19] . In paper [28] authors described wood using a model with four elastic constants.
Unfortunately, not all parameters of wood are always stated in the papers. For example, in [4, 7, 32] there are three elastic moduli and six Poisson's ratios but in [18] -only three elastic moduli and three shear moduli. In none of these cases it is possible to verify the model of wood.
This article attempts to verify the orthotropic model of wood on the basis of the research papers above and wood handbooks [15, 22] contents. A general scheme of criteria is offered for checking whether the material constants satisfied the condition of the symmetry of compliance matrix. Over a dozen species of wood are analysed. The second purpose of this paper is to classify the wood species analysed according to European code [34, 35] .
MATERIALS AND METHODS
The present paper focuses on the orthotropic model of wood. The considerations are carried out in the Cartesian rectangular coordinate system , , coincident with the L, T, R local system. The constitutive equations for linear elastic materials [1, 5, 6, 9, 27 ] are expressed as:
where:
-component of the symmetric stress tensor, -component of the strain tensor, -component of the fourth-order elasticity tensor.
In engineering practice, the convenient two-index notation, referred to as Voigt notation, is used.
Then the equation (2.1) takes the form:
-single column stress matrix, -single column strain matrix, -stiffness matrix and -compliance matrix.
In general, a stiffness matrix and a compliance matrix contain 36 independent components, but taking into account the symmetry of strain energy, 21 distinct components can be set out. This is the most general case of a linear elastic material. The number of independent components of these matrices is further reduced if the material has symmetry planes. There are exactly eight different sets of symmetry planes [5, 30, 42, 43] .
The purpose of this paper is to discuss the linear elastic orthotropic model along with the elastic coefficients. For this model the compliance matrix has the form:
-Young's modulus, -Kirchhoff's modulus and -Poisson's ratio defined as the ratio of passive strain component perpendicular to the load and the active strain component parallel to the load direction :
There are twelve material constants in (2.3) but only nine of them are independent because, due to existing symmetry, we can write:
In most papers, Poisson's ratio is calculated according to (2.4) but some researchers [2, 12, 17, 20, 25, 29, [31] [32] [33] 
LIMITATIONS OF TECHNICAL CONSTANTS
Due to positive-definiteness of the strain energy, the compliance matrix (2.3) must be positivedefinite [1, 3, 5, 6, 9, 25, 30, [41] [42] [43] 46] . The matrix is positive-definite if all of the leading principal minors are positive (Sylvester's criterion). This leads to subsequent, known from the literature [25, 27, 36, 46] conditions:
.
Another original way to define limitations of elastic constants is to determine eigenvalues of the compliance matrix:
The compliance matrix is positive-definite if all eigenvalues satisfy the condition:
Obtaining positive eigenvalues is equivalent to the fulfilment of conditions (2.7). In the case of orthotropic material, it is impossible to provide a solution to equation (2.8), but it is possible to study the eigenvalues for the data adopted. For an isotropic material described by Young's modulus and Poisson's ratio the solutions of (2.8) are the following:
The condition (2.9) leads to known from the literature [3, 27, 46] dependences:
The constraint on Poisson's ratio (2.11)2 is true only for isotropic materials. For orthotropic materials this range is much wider. Some researchers [3, 20, 25, 36, 42, 43, 46] focused only on determining the values of Poisson's ratios.
The limitations described above as well as the symmetry condition are the basis for the discussion and verification of the correctness of wood elastic coefficients reported in the literature.
TECHNICAL CONSTANTS OF WOOD IN STANDARDS
A wooden structure is designed according to standards [34, 35] . Wood is allocated into fifteen strength classes: nine for poplar and coniferous species and six for deciduous species. Strength properties such as bending, tension along and across the fibre, and compression along and across the fibre are defined for each class. Also, elastic properties such as the longitudinal elastic modulus , the tangential elastic modulus , and the mean shear modulus , are determined.
The standards do not include information about Poisson's ratios and the value of mean shear modulus is not clear as it cannot be interpreted as the mean in terms of the three planes. It should be emphasized that these parameters do not apply in the case of the isotropic description due to the absence of interrelation among the elastic modulus, the shear modulus and Poisson's ratio. The standard does not specify that mean values are specified for orthotropic description. Further considerations assume that this is so. The relationship between the parameters laid down in the standard and the results reported in the literature for orthotropic models remains an open question.
RESULTS AND DISCUSSION

ORTHOTROPIC CONSTANTS FOR WOOD
This study examines orthotropic conditions for different species of wood and verifies the wood constants given in the reference material. When all elastic constants are given [7, 10, 11, 12, 15, 16, 21, 22, 23, 29, 31, 33, 39] it is sufficient see whether condition (2.9) is met ( Table 1,   Table 2 ) because if eigenvalues are positive, the compliance matrix is positive-definite. For incomplete data [4, 15, 22] the conditions (2.7) are reviewed (Table 3 ).
This study analyses six species of softwoods and eleven species of hardwoods. The softwoods include The eigenvalues of the compliance matrix for the wood species are positive ( Table 1, Table 2 ) and limitations of technical constants (2.7) are satisfied (Table 3) . However some wood specimens cannot be referred to as orthotropic as in some cases the compliance matrix is non-symmetric. Black Walnut [15, 22] , Oak [4] and Beech [4] were found to show orthotropic behavior. If the accuracy of calculation terms of the compliance matrices are reduced, Spruce [4] and Maple [11] can also be assumed to be orthotropic. The elastic constants for Pine in [21] were calculated using the orthotropic material model, assuming the symmetry of the compliance matrix. Orthotropic of the Pine is confirmed by experiments discussed in [13, 14] . However, in the case of pine analyzed in [4] , in which ultrasonic measurements of wood were carried out, the compliance matrix is non-symmetric (Table 3) .
Additionally, Poisson's ratio is more than 3.7 times as high as and Poisson's ratio =0.016 being almost 29 times less than that given in [21] ( Table 1) . In [14] is describing orthotropic elastic behavior of Larch but the analysis in this paper (Table 3) is impossible since only some of the elastic parameters are known. The elastic constants for Spruce reported in [4] almost satisfy the orthotropic conditions (Table 3 ) but data given in [15] [16] [17] 22] fail to do so (Table 1 ). The elastic constants for five species of spruce shown are comparable in Table 1 is three times as high as for 12.7% moisture content. Table 2 shows elastic parameters for the dry beech 10-15% given in [10] . The data for Poisson's ratios differ by the order of magnitude given in [12, 29, 31, 32] and there are huge differences in the compliance matrix. In [10] the relationship between elastic constants expressed by Eq. (2.5) but parameters seem to satisfy condition (2.6) ( Table 2 : results for air-dry beech*). The values of longitudinal and tangential moduli of elasticity are the basis for determining the class of wood. The mean elastic parameters for different species of wood, according to standard [34] , is showed in Table 4 . Classification, however, is neither simple nor clear. As shown in Table 5 
REFERENCE TO VALUES IN STANDARDS
CONCLUSIONS
Review of the literature concerning experimental studies of elastic coefficients of wood naturally raises the question of the correctness of the results reported and of the design standard-compliant allocation of a given wood species to appropriate class.
Selected literature data were analyzed with constraints on elastic constants of a linear elasticity orthotropic model as correctness criterion. The results reported are often ambiguous or incorrect with regard to the model adopted. As different methods are used, the comparison of the results is difficult and may lead to the conclusion that the material being examined is not orthotropic.
The findings of this study indicate that experimental research should be complemented by in-depth theoretical investigations, with special reference to the constraints the results have to meet if they are to be assigned to a certain mathematical model.
Attempts to allocate wood species under this analysis to design classes do not bring conclusive results.
The author of this paper believes that three mean values (two elasticity moduli and one shear modulus)
are insufficient for a careful reader to be able to verify the results of the experimental work.
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